INTRODUCTION
There has been considerable attention in the literature postulating the potential effects of contemporary, technology-enabled new generation learning spaces (NGLS) on both teaching and learning (Brooks, 2011 (Brooks, , 2012 . This has, in part, been driven by the pervasive and transformative potential of ubiquitous access to and use of digital technology in the classroom (Chan et al., 2006) .
Increased access to mobile technology in recent years has freed students from the restrictive nature of shared access in traditional computer laboratories (Blackmore, Bateman, O'Mara, & Loughlin, 2011) . Students now have personal 'anywhere, anytime' access to a boundless library of highly indexed information (Beichner, 2014) , which in turn challenges the highly sequential style of instruction that has allowed teachers to preserve their historically authoritative role.
Personal access to technology can support more adaptive and connected learning experiences. These experiences are created by connecting teachers and students within multimodalities of teaching and learning that may have not been possible before (Bocconi, Kampylis, & Punie, 2012; Hall-van den Elsen & Palaskas, 2014; Swan, van'T Hooft, Kratcoski, & Schenker, 2007) . Multimodalities afford teachers the ability to orchestrate adaptive learning opportunities using a range of physical, text and visual tools, whilst connecting students with each other.
A key element is the connectivity between teachers-students and studentsstudents is established through the creation of technology-enabled NGLS. The technology-enabled spaces have ubiquitous access to digital technology through one-to-one digital devices connected through wireless infrastructure.
The affordances of a NGLS environment has the potential to revolutionize how, where and with whom students learn (Mouza & Lavigne, 2013; Thomas & Brown, 2011) . It has the potential to support contemporary pedagogical practices that facilitate highly personalised models of student learning (Bocconi et al., 2012; Magee, 2009; Zandvliet & Fraser, 2004 ). This personalised model includes learning outside the primacy of the traditional classroom forum (Mouza & Lavigne, 2013) . Together these elements intertwine to create a model of teaching and learning that can be radically different to prevailing school cultures (Mouza & Lavigne, 2013) .
Despite this potential, many have argued that digital technology has often been imposed on traditional classroom spaces (Bautisa & Borges, 2013; Chandler, 2009; Sawyer, 2006) , which have changed little in configuration, structure and operation for the best part of a century (Burke & Grosvenor, 2008) . New technologies in these traditional spaces have a tendency to sustain and reinforce existing pedagogical practices (Fisher, 2010; Lippman, 2010; Richards, 2006 ).
An example of this imposition is the integration of interactive white boards (IWB) into primary or elementary year classrooms. IWB have experienced a high level of interest over the past 20 years and are now commonplace. This success has arguably stemmed in part from an ability to afford both teachers and students access to visually appealing, interactive and dynamic electronic content.
A review by Higgins, Hall, Wall, Woolner, and McCaughey (2005) raised concerns that some teachers have merely 'bolted on' a slightly more impressive display format to their existing stand-and-deliver pedagogical approach, the underlying assumption being that "technology is something that you add on to existing pedagogy, and vice versa" (Richards, 2006, p. 240) . This continues and reinforces existing pedagogical practices, and works against any transformative potential of digital technologies (Hughes, Thomas, & Scharber, 2006; Lippman, 2010; Mishra & Koehler, 2006) .
For digital technology to act as a catalyst for pedagogical transformation it must be integrated within, rather than imposed upon, a dynamic and responsive learning environment (Cleveland, 2011; Higgins, Xiao, & Katsipataki, 2012; Lippman, 2010; Radcliffe, Wilson, Powell, & Tibbetts, 2008) . Such approaches are scarce - Bautista and Borges (2013) are critical of a virtually non-existent discourse concerning this alignment of the physical attributes of the classroom to support the intensive integration of digital devices. Such silence arguably stems from a dearth of hard evidence concerning the impact of technology on teaching and learning within NGLS (Blackmore et al., 2011; Brooks, 2011; Painter et al., 2013) . Little is known about how and why the physical attributes of these technology-enabled and contemporary spaces affect the nuances of the teaching and learning processes (Chandler, 2009; Upitis, 2009) .
This chapter attempts to partly fill this void in our knowledge. It reports an empirical study that explored how interaction between space and digital technology affected teaching and learning in two primary or elementary years settings. A synthesised quasi-experimental and Single Subject Research Design (SSRD) approach compared student perceptions of the effectiveness of technology, their learning experiences and levels of engagement within a traditional and a NGLS classroom space.
It replicates the data analysis techniques applied in previous studies (Byers, Imms, & Hartnell-Young, 2014; ) that identified statistically significant changes in student perceptions in each of the spaces. This study supports findings from these earlier studies, which argued the physical learning environment acted as a mechanism to either hinder or support pedagogical practices within technology-enhanced environments. In addition this study provides further evidence supporting the credibility of this unique methodological approach, arguing it offers the capacity to generate much needed robust empirical data on the evaluation of physical learning spaces.
LITERATURE REVIEW

The Transformative Potential of Digital Technology in the Classroom
In Australia much attention has been placed on the integration of technology in senior secondary classrooms, initially under that country's federally funded program called the Digital Education Revolution (DER) and more recently through 1-to-1 or Bring Your Own Device (BYOD) programs. Collectively these programs have seen the swift proliferation of digital devices into the secondary years of schooling.
Their aim is to create technology-enabled learning environments by facilitating ubiquitous student and teacher access to and connection through technology. Buchanan (2011) has described this proliferation as the culmination of the digital turn that has swept through education over the past two decades.
A number of researchers have postulated that ubiquitous teacher and student access to technology has the potential to be a mechanism to facilitate and drive innovative teaching and creative learning (e.g., Bautista & Borges, 2013; Richards, 2006; Rosen & Beck-Hill, 2012) . The inherent affordances of digital technology provide teachers with avenues to accommodate a wider range of learning modalities (Bautista & Borges, 2013; Rosen & Beck-Hill, 2012) . The modalities can extend beyond the traditional uni-modal approach, which draws on a model of instruction that predominately operates at the transmission end of the learning continuum, to better support a dynamic suite of multimodal pedagogical approaches (Hermans, Tondeur, van Braak, & Valcke, 2008; Hildebrand, 1999; Upitis, 2004; Zucker, 2007) . This suite enables teachers to align the right digital tool/s to support the most pedagogically appropriate approach/es to facilitate the desired learning intent and/or outcomes.
This alignment between the capacities of digital technology can foster a new culture of student-centred learning (Bautista & Borges, 2013; Hermans et al., 2008) . Here the students are at the heart of the process and participating in ways that were not possible before (Bautista & Borges, 2013) . Unlike the hierarchical and consistent uni-modal approach, there is the ability to transition to more flexible, personalised and adaptive approaches (Jessop, Gubby, & Smith, 2012) . With greater flexibility comes the ability to accommodate a wider variety of more collaborative learning modalities (Blin & Munro, 2008) . In this more student-centric approach, learning is more authentic, responsive and conceived as a social process (Blin & Munro, 2008) .
This social-constructive learning environment supports students in learning new information and behaviours from one another, in addition to their teacher (Lin, Wang, & Lin, 2012) . This requires a shift in the traditional role as the sole source of new knowledge. Instead, students access the collective expertise of a wider audience.
Student can learn from their peers and others, inside or outside the confines of their classroom or school. These informal peer-to-peer or expert-to-novice interactions lead to learners learning from each other (Bautista & Borges, 2013) .
Integration of Digital Technology into the Primary Year's Space
In Australia the primary or elementary years of schooling have not received the same level of systemic funding as secondary years to provide improved student access to technology. This lack of systemic funding has not limited the broad integration of or enthusiasm for digital technology into primary or elementary years classrooms.
Many schools, and their parental communities, have funded their own purchase of mobile digital devices for use in the classroom. The enthusiasm behind this selffunded integration is unlikely to diminish in the near future. This integration is driven by a general belief in the wider community that digital technology can offer new teaching and learning opportunities and modalities.
This enthusiasm is evident in the somewhat fervent adoption of tablet and iPad devices (Higgins et al., 2012) . Unlike in one-to-one or BYOD programs, these portable and touch-based devices are usually shared between students and/or classes. Compared to laptops, these devices are more suited to the learning needs and the 'technologic' capacity of primary year students. Their size, use of versatile apps and touch-based nature enable students to easily manipulate and interact with learning objects to make learning active and participatory (Hur & Oh, 2012) .
This style of touch-based learning has been established in the primary years for quite some time through the use of interactive white boards (IWB).
IWBs have received widespread systemic endorsement and funding (Condie & Munro, 2007; Higgins, Beauchamp, & Miller, 2007; Wood & Ashfield, 2008) . This has enabled IWBs to become the most common 'technology' found in primary years learning spaces due to their ability to facilitate whole-class pedagogy (Higgins et al., 2007) . Higgins et al. (2005) and (2007) studies found that their use correlated to a positive impact on student engagement and attention and served as a catalyst for teacher pedagogical change. However, McCarter and Woolner (2011) are of the view that this shift to a whole class, teacher-centric pedagogy, supported by an IWB, does suggest that the arrangement of the classroom is now being led by technology rather than pedagogy.
The Imposition of Digital Technology as a Trojan Horse
If indeed there is a 'digital turn' in process as argued by Buchanan (2011) , this may explain the perception that there is a growing dependence in primary or elementary schools on digital technology within everyday teaching and learning (Prieto, Dlab, Gutiérrez, Abdulwahed, & Balid, 2011) .
Certainly research is beginning to claim that technology can be a catalyst that will transform teaching and student learning experiences and ultimately improve learning outcomes (Donovan, Green, & Hartley, 2010; Matzen & Edmunds, 2007) . This is largely a technocentric belief that integration of technology is a 'Trojan horse', a way of surreptitiously eliciting paradigmatic change in teaching and learning (Harris, 2005; Hermans et al., 2008; Rosen & Beck-Hill, 2012; Watson, 2006) . This rather ambitious claim requires evidence to prove its credibility.
What is less conjectural is that the imposition of technology into unchanged spaces typically leads to technology operating within unchanged pedagogical modes (Bautista & Borges, 2013; Blin & Munro, 2008; Lippman, 2010; Richards, 2006) . For Hughes (2005) the use of "technology serves merely as a different means to the same instructional end" (p. 1617). In essence this replication of already functioning instructional methods and learning processes changes the medium or mechanism used to achieve an established process (Hughes et al., 2006) . It is argued that this peripheral teacher use of technology is a result of the lack of knowledge, beliefs and requisite support frameworks (Rosen & Beck-Hill, 2012) .
For teachers to either amplify existing practices or innovate through exploiting the transformative potential of technology, there is a need to examine the complexity of factors and the confounding variables that influence both teaching and learning (Donovan et al., 2010; Ross, Morrison, & Lowther, 2010) .
Here it is clear that the adoption and use of technology is dependent on a teacher's set of beliefs, ingrained knowledge and teaching ability (e.g., Bingimlas, 2009; Weston & Bain, 2010) . Cuban (2001) and Bebell and Kay (2010) have described teachers as gatekeepers to their classroom and therefore student technology usage.
Only when a teacher's pedagogical practice is at the heart of any intervention or reform, will it be possible to observe the consequential flow on to enhancing student engagement and learning outcomes (Ross et al., 2010) .
The Built Pedagogical Contract Created by the Imposition of Technology
The integration of IWB and other technologies into existing structures has been symbolic of this top-down imposition of technology. Too often the integration of technology has been a mere add-on to existing structures (Richards, 2006) . Fisher (2010) argued that any lack of profound change was due to the misalignment of affordances of technology and the supposed common traditional didactic instructional setting.
This misalignment steams from a deep spatial silence around the hidden effects of the physical learning environment, he claims. It is the influence of these surreptitious effects that has a significant role in preventing the effective implementation of technology and to support multimodal pedagogical practices (Fisher, 2004; Lippman, 2010) .
The integration of singular-focal point technologies, such as IWB, has typified this lack of alignment. Like the blackboard and whiteboard that preceded it, the IWB's front and central location dominates the classroom space. This front, central focal point continues what Reynard (2009) has described as the fireplace syndrome.
The organisation of furniture and pedagogy around this focal point, has established a highly consistent pedagogical script (Reynard, 2009; Wilks, 2009) .
This script and its relationship to the physical classroom environment is encapsulated by the concept of built pedagogy developed by Monahan (2002) . Built pedagogy is defined as the ability of the cultural, psychological and behavioural characteristics of the physical space to shape teacher practice and student learning (Monahan, 2002) . As the traditional teacher-centric classroom has remained largely unchanged, so has its built pedagogy. This lack of change is a key factor in the highly consistent uni-modal pedagogical script between teachers and students (Wilks, 2009) .
This script has been so consistent that it has established an entrenched 'built pedagogical contract' that has set the tone for what is perceived to be quality teaching and learning (Hildebrand, 1999; Wilks, 2009 ). This hegemonic pedagogical practice has set a clear and dominating educational equation between student(s) and teacher(s) (Hildebrand, 1999) . In this equation the teachers are obligated to be the transmitters knowledge, while students are the passive receivers and consumers of this knowledge (Cleveland, 2009; Reynard, 2009) . As long as this equation is unchallenged then the potential of different or innovative practices, such as the integration of ubiquitous access to technology, will never be maximized (Hildebrand, 1999; Reynard, 2009) .
If the innovative potential of digital technology in education is to be realized, then the hegemonic or 'natural' teacher practices must be challenged (Hildebrand, 1999) . These inherent practices are of central importance to the concept of what teachers, and to a lesser extent students, constitutes quality teaching and learning (Johnston, Ottenbacher, & Reichardt, 1995; Hildebrand, 1999) has seen that innovative teaching practices, and therefore attempts of paradigmatic reform, have been largely unsuccessful as they explicitly and implicitly contest the underlying metaphors of this hegemonic practice. By challenging the status quo this results in resistance by teachers and/or students, as they are uncomfortable with transgressions in their perception of the norms of the teaching and learning contract (Hildebrand, 1999) . Fullan, Hill, and Crevola (2007) have described how this resistance is responsible for the entrenched and perpetuating resident pedagogical culture within schools and the classroom (Fullan et al., 2007) . This powerful culture innately resists change to maintain the status quo (Fullan et al., 2007; Hughes, 2010; Jacklin, 2000; McGregor, 2004; Upitis, 2004; Wilks, 2009) .
What is required is evidence that transforming the spatial arrangements of a classroom has a demonstrable effect on effective use of technologies. This may or may not be facilitated by changed pedagogic practices. It may or may not be caused by students being freed from some supposed student/teacher contract created by didactic oriented classrooms. What is of interest, and thus the focus of this study, is the simple question -if you move a primary or elementary teacher and his/her students from a didactic-oriented classroom into a technology-enabled NGLS, is there a measurable change in their effective use of technologies?
THE STUDY
The Spaces
The study took place within two buildings. The first housed the students' General Learning Area (GLA) homeroom constructed between 1950 and 1960. The four classrooms in this building utilised for the baseline and withdrawal periods would be considered 'traditional' in layout. Individual student desks were set in a combination of small rows (2 to 3 desks) or clustered in small groups, facing a teaching position at the centre-front of the room. This space was delineated by the teacher desk and IWB. The integration of the IWB and wireless infrastructure were recent additions to these spaces. This enabled the teacher and shared student Tablet PCs to connect to the school's network and Internet.
The second building was a recently refurbished building that housed the library, which had within its structure a 'Place of Discovery' or POD.
This POD utilised NGLS principles designed, implemented and evaluated in the and studies. NGLS are complete and interactive 360° learning environments created through a 'polycentric layout' (Figure 1) . A polycentric layout is created by multiple teacher and student focal points. The aim was to remove or de-emphasise Reynold's (2009) 'fireplace' at the front of the room. This multiple focal point layout was created using TOWslarge TV's on Walls/Wheels (Lippman, 2013; Miller-Cochran & Gierdowski, 2013) , 'writeable walls' and multiple teacher data projector inputs. The notion of a polycentric layout was inspired by success of their implementation in the North Carolina State University's Student-Centred Activities for Large Enrolment Undergraduate Program (SCALE-UP), Massachusetts Institute of Technology's Technology Enabled Active Learning (TEAL) project; and University of Minnesota's Active Learning Classrooms (ALC) projects. In an improvement on the original NGLS design, the flexibility of the space was enhanced through manipulation of desk heights. The combination of 'floor', 'sitting' and 'standing' desk heights delineated the visual perspective of the space. The aim was to create both traditional and non-traditional seating option, support student and teacher movement and allow students to work with greater comfort. Collectively the aim was to afford the teacher the ability to create different spatial configurations to match the pedagogical intent of the lesson or activity (Brooks, 2012; . (The traditional 'one seat per student' infrastructure was also ignored, to de-clutter the space and increase the opportunity for student mobility.)
Research Design
To advance contemporary learning space theory, there is a need to move beyond postulation and establish empirically-based causal links between how these spaces translate into improvements in teaching and learning. However, ethical considerations surrounding research in schooling environments rarely support the requisites of a randomised experimental study (Clegg, 2005; Shadish & Cook, 1999) . As a consequence, a synthesised quasi-experimental and single subject research design (SSRD) were employed due to its extensive and well-established application in non-randomised intervention studies in the applied and clinical health sciences (Harris et al., 2006; Johnston et al., 1995) . This approach was previously successfully implemented by and studies in a similar educational context.
Unlike randomised experimental studies, this synthesised approach placed greater emphasis on the design of the study, rather than statistics alone, to facilitate causal inference (Shadish & Cook, 1999) . A key facet of this design was the control of the spuriousness effect/s of confounding variables, to then isolate and measure the effect of a single intervention (Coryn, Schröter, & Hanssen, 2009; Robson, 2011) . Rassafiani and Sahaf (2010) and Horner, Swaminathan, and George (2012) have argued that this control improves both within-subject variability and internal validity. As a consequence, these improvements enhanced the rigour and reliability around the claimed causality between the intervention and desired outcomes (Harris et al., 2006; Mitchell & Jolley, 2012; West & Thoemmes, 2010) .
The research design of this study sought to control all factors (subject, class construction, assessment and the teacher), except the 'intervention'. The intervention was the shift of each of the classes from their home room GLA (traditional, general learning area) to the NGLS. The research question for the study was to determine if changing the learning space had any effect on students' perceptions of their digital device, learning experiences and levels of engagement in their 'Integrated Studies' subject (English, Humanities and Science through a project-based approach). This question was addressed using a SSRD, which systematically evaluated three research sub-questions (dependent variables):
• What is the effect, if any, of the NGLS on students' perceived value of their digital device as a learning tool? • What is the effect, if any, of NGLS on student learning experiences?
• What is the effect, if any, of NGLS on student engagement?
A SSRD withdrawal ABA 1 design determined the effect of the interventionthe change in learning space (independent variable) -on students' perceived value of their digital device, learning experiences and levels of engagement (dependent variables). The aim of the withdrawal design was to establish functional relationship between the manipulation of the intervention and the subsequent effect on the dependent variable/s (Horner et al., 2005) . Byiers, Reichle, and Symons (2012) and Kinugasa, Cerin, and Hooper (2004) argued that withdrawal studies had a higher degree of experimental and internal validity control than other SSRD approaches. This design enhanced rigour and reliability around the claimed causality between the intervention and changes in the dependent variables.
Methods
The research questions were addressed through an anonymous, repeated measures student attitudinal survey. The survey used three baseline, intervention and withdrawal collection points across three terms. The repeated measures Linking Pedagogy, Technology and Space (LPTS) consisted of 10 items assigned to 3 domains. The LPTS instrument addressed the three research questions -the effect of the learning spaces on students' perceptions of technology (Domain A), their learning experiences (Domain B) and engagement (Domain C). Table 1 shows descriptions and a sample item for each LPTS domain. The items were adapted from elements of the Tamim, Lowerison, Schmid, Bernard, and Abrami (2011) longitudinal study; 'Motivated Strategies for Learning Questionnaire' (MSLQ) (Pintrich & de Groot, 1990) ; and the earlier study.
Post-hoc reliability analysis through the calculation of Cronbach's Alpha sought to determine the internal consistency of the survey instrument. Cronbach's Alpha for the summative score for each class in each of the domains was calculated based on the suggestions of Gliem and Gliem (2003) . The application of this approach resulted in initial Cronbach's Alpha's of 0.70 (Domain A), 0.79 (Domain B) and 0.71 (Domain C) respectively. These values indicate an acceptable level of reliability for the purposes of this study (Gliem & Gliem, 2003) .
Sampling
The study's sample was drawn from four primary Year 4 classes. The core curriculum of each class (English, Mathematics, Integrated Studies, Humanities, etc.) was taught by the same teacher. This curriculum was delivered in the same GLA, to classes that would be best described as 'mixed-ability'. The students within each class were comprised of the full range of cognitive ability.
The sample size (n = 94) was adequate for the desired statistical power (0.8). This sample represented a very high participation rate (95.1%) of the students across the year-level cohort. A priori power analysis for the study's sample size, the probability level of (p = 0.05) and estimated Cohen's d effect size (d = 0.6) meet the requirement of the desired statistical power (Faul, Erdfelder, Lang, & Buchner, 2007) . This Cohen's effect size was approximated on the basis of the lower effect sizes calculated during the and studies, which employed a similar survey instrument and methodology. Collectively the participation rate and a priori power analysis meant that the three measures in the baseline, intervention and withdrawal phases were well within the parameters set by Vickers (2003) to ensure the desired statistical power was achieved.
Data Collection
To ensure the a priori statistical power was achieved, the maintenance of a high retention rate was essential. This required the implementation of strategies to deal with missing data from the anonymous repeated measures. Throughout the study a high retention (96.7%) rate was achieved. It was initially assumed that any missing data was classified as Missing Completely at Random (MCAR), due to random factors such as student illness or appointments at data collection times. This assumption was verified by Little's MCAR test that resulted in a score greater than 0.05 (0.88). This result enabled a 'missingness' approach to produce a complete data set. The extent to which teachers employ those pedagogies that are associated with student-centred learning (i.e., active learning; collaborative/group interaction and learning; independent creativity and personalisation) My Teacher/s adjust their pace of instruction to respond to students' levels of understanding
The extent to which students assess their cognitive and emotional engagement in the context of particular subject/s
This space has allowed me to be in control my own learning
To produce a complete data set the Maximum Likelihood Estimation (ML) approach was employed. The work of Peugh and Enders (2004) has suggested that unlike mean substitution and linear regression, the ML approach would not artificially truncate the variance and covariance around the mean. This truncation would unduly bias the visual analysis process by decreasing the 95% confidence intervals (CI's) (Peugh & Enders, 2004) . The effect of decreased confidence intervals would increase the likelihood of Type 1 errors. The ML approach produced a complete data set with the same Little's MCAR coefficient as the initial data collection.
DATA ANALYSIS AND DISCUSSION
The study's a priori statistical power and high participation and retention rates, coupled with the posthoc reliability calculated through Cronbach's Alpha, supported each of the classes being summed and treated as one subject or unit. Even though this was at odds with the argument made by Perone (1999) that "averaging data over many subject can hide a multitude of sins" (p. 112). Due to the large sample size, ethical considerations around an emic research and resulting anonymity of student survey, each class served as their own control and unit of analysis.
The data from the student survey was analysed through a combination of visual analysis and inferential analysis. The visual analysis of class means, with 95% CI's, presented a succinct mechanism to identify inter-and intra-intervention trends (Casey et al., 2012) . The visual analysis process employed the simultaneous assessment of level, trend and variability within and across the NGLS and withdrawal interventions (Horner et al., 2012) . Bobrovitz and Ottenbacher (1998) have claimed that this process is equitable to earlier t-test calculations. The application of confidence intervals as per the research of Baguley (2009) , provided a superior approach to single point analysis, as it indicated the plausible range of values that the 'true' effect might take.
Exemplars of the application of this criterion are outlined in Figure 2 . Panel A provides an example of a scenario that fulfilled requirements for a statistically significant difference. The non-overlapping CIs between the intervention and withdrawal phases demonstrated an immediate and stable (low variance) change in the mean after the withdrawal compared to relatively stable measures (both in mean and low variance) during the intervention phase. Panel B indicates an instance in which the visual analysis criteria was not met. Panel B shows an example of high variances and unstable trends (in both the intervention and withdrawal phases) and overlapping CIs with means. Collectively this may suggest the influence of confounding or external variable/s, outside the control of the research design.
To mitigate the 'subjective' nature of visual analysis and prevent Type 1 errors, Beeson and Robey (2006) and Kromrey and Foster-Johnson (1996) suggested that quantitative analysis through Cohen's d effect size was applicable. The work of Beeson and Robey (2006) suggested that effect size calculations circumvent the distribution issues of auto correlated (as the case of this study), which would be associated with traditional inferential statistics. The thresholds suggested by Cohen (1998) were employed to categorise the degree of the effect size.
The criterion used to determine statistically significant effects were adopted from the and studies. A statistically significant effect required a combination of 'non-overlapping' (NO) confidence intervals (taking into account trend and variability) from the visual analysis and a large effect size (d ≥ 0.8). The and studies found that an effect size within the large (0.8 ≤ d < 1.3) range or higher, generally correlated to statistically significant differences observed through the visual analysis process.
This would suggest that statistically significant difference identified through visual analysis is corroborated by an improvement approaching one standard deviation when compared against the baseline/withdrawal data (Jenson, Clark, Kircher, & Kristjansson, 2007) .
Effect of the Formal Learning Space on Student Attitudes to Digital Technology
Within this ABA design, the shift from the NGLS (intervention) to the traditional classroom (baseline) resulted in a statistically significant difference in nine out of the sixteen questions (Table 2 ). All four classes returned a statistically significant difference, supported by large effect sizes (d ≥ 0.8) and corroborated through visual analysis, for the questions pertaining to the 'positive influence' (A 1 ) and 'effectiveness' (A 2 ) of technology. Of note, the effect sizes for the responses to the effectiveness of technology were greater than one, which indicates an overall change in excess of one standard deviation. This would suggest that layout and elements of the NGLS had a significant effect on how teachers incorporated the use of technology within their practice. This then had a corresponding effect on the way students' utilised technology as a learning tool. The correlation between the positive influence and effectiveness responses in this study appeared to provide initial evidence to support the potential of the alignment between affordances of the physical space and technology. The arrangement of the classroom layout appeared to have little effect on the level of student distraction attributed to their use of technology (A 3 ). There is research that has suggested that students are distracted by the availability of technology (e.g., Fried, 2008) . In this study, students generally responded between 'disagree' to 'unsure' to their perceived level of distraction brought about by access to technology. However, the thought that a more engaging and dynamic space, as opposed to a static and teacher-centric space, would have had a more significant effect on reducing student distraction was not evident in this study.
Effect of the Formal Learning Space on Student Learning Experiences
The shift from the NGLS to the traditional classroom resulted in a statistically significant difference in six out of the sixteen questions (Table 3 ). All four classes returned non-statistically significant differences in their teacher's practice (B 1 and B 2 ). The students did indicate that there was some 'improvement' in their teacher's practice (B 1 ) in the NGLS compared to their homeroom. This improvement was approximately equivalent to a 'medium' effect. Classes C2, C3 and C4 responded in a similar fashion to the 'personalisation of instruction' (B 2 ) question. However, Class C1 responded differently, recording a 'large' effect size (d = 0.910). However, the variability and trend of the withdrawal period resulted in an overlapping confidence interval. As a consequence, due to the discrepancy between the visual analysis and effect size calculation, this did not meet the criteria for a statistically significant change.
The change from a NGLS to a traditional classroom did result in a statistically significant effect on student learning experiences. For the questions pertaining to increased 'interactivity' (B 3 ) and 'collaboration' (B 4 ) between students and teachers, three classes (C1, C2 and C3) returned statistically significant improvement. The correlation between interactivity and collaboration would suggest that these classes were exposed to greater instances of working with their peers through different groupings in the NGLS. This exposure then increased the interactivity between teachers and students, which would suggest a more dynamic learning setting, when compared against the traditional classroom layout.
Effect of the Formal Learning Space on Students' Perceived Levels of Engagement
The final research question of this study addressed how the change from the NGLS to the traditional classroom affected student engagement in their learning. The combined quantitative approach of visual analysis and Cohen's d effect sizes resulted in a statistically significant difference in seven out of the eight questions (Table 4) . All four classes returned a statistically significant difference in how the NGLS influenced their 'interest in learning' (C).
1 Of note, the effect sizes were either large (C2 or C4) or very large (C1 and C3). An exemplar of a very large effect size (d = 1.949) that was observed for Class C3 corroborated by visual analysis is provided in Figure 3 . The change in level between the NGLS and the traditional classroom during the withdrawal period is both significant and stable.
The change from an NGLS to a traditional classroom had a similar statistically significant effect on where students 'preferred to learn'. The aim of this question (C 2 ) was to ascertain if the students' emotional engagement was associated with different learning spaces. Three of the classes (C1, C2 and C3) strongly indicated that the NGLS was statistically their preferred space to learn. All three effect sizes were in excess of one, with classes C1 (d = 2.259) and C2 (d = 1.713) returning a very large effect size. Figure 4 provides a visual representation of Class C2's responses to question C 2 across the baseline/NGLS/withdrawal periods. Of note is the substantially higher and very small variability observed during the NGLS period, compared to the baseline/withdrawal periods. It is hypothesised that if students have a stronger emotional engagement to a particular classroom space that they will have greater interest and intrinsic motivation to learn.
CONCLUSION
There is growing attention in the literature on the integration and use of digital technology and contemporary learning spaces, and the subsequent effect on teaching and learning. Even though there has been significant funding and human resources directed to these areas, there has been limited empirical evaluation of their collective causal effect on school-age students.
The aim of this study was two-fold. Firstly, it sought to test, refine and validate the methodology of the and studies through its replication in a primary years setting. Secondly, it attempted to build upon limited empirical evidence reported in these earlier studies. The overall aim was to increase knowledge about the causal effect of NGLS on teaching and learning. Collectively this study, along with the notable work of Brooks (2011 Brooks ( , 2012 , has established valid methods for measuring the impact of learning spaces. In the process, they provide empirical evidence informing discussion about the nature of this impact. The methodology, a synthesised quasi-experimental and SSRD, has been shown to work in both a primary and middle years settings. This synthesised approach has demonstrated its robustness and reliability through its replication of confounding variable control, instrumentation and data analysis techniques to a different context. This assertion is justified through similar a priori power and Cronbach's alpha analysis and a high retention rate that occurred in the and studies.
The empirical findings presented here have added to the evidence that suggests causal links between NGLS and positive effects on teaching and learning. The analysis of the student surveys across the baseline/intervention/withdrawal periods suggested that alignment between the affordances of digital technology and the physical classroom environment has a positive influence and effectiveness is improved. These findings are comparable to those derived in the study. Collectively this quantitative evidence does add weight to assertions made by Fisher (2010) and Lippman (2010) that 'alignment' between space and technology can result in a positive pedagogical effect. In terms of pedagogy, the change from traditional to NGLS did have a demonstrable positive effect on perceptions of student learning experiences. The results suggested that the participating students felt they were exposed to more collaborative and interactive learning experiences in the flexible and dynamic NGLS, when compared to the more rigid and static traditional classroom.
This would suggest, as identified in the study, that when teachers are provided with the affordance of an NGLS, they are often able to create different, and more active, learning experiences for their students. Not surprisingly these different learning experiences in the NGLS had a corresponding and positive effect on student engagement levels.
The move to the NGLS was associated with significant improvements in students' perceived levels of engagement. Students indicated that they were more interested in their learning in a NGLS. Also, that the NGLS was their preferred space to learn. It is hypothesised that these improvements in student 'emotional engagement' in their learning would have an influence on student learning and thereby learning outcomes.
